Abstract: 5-Acetoxymethyl-and 5-hydroxymethyl-2-vinylfuran were synthesized by two routes. The first route starts from 2-methylfuran and the second from furfuryl acetate. The latter route, involving successive Vilsmeier-Haack and Wittig reactions, is suitable for producing 5-acetoxymethyl-2-vinylfuran and 5-hydroxymethyl-2 vinylfuran in 68% and 60% yields, respectively.
Introduction
5-Hydroxymethyl-2-vinylfuran (5) was first synthesized in 70% overall yield by Dzhemilev et al. [1] by the reaction of 2-vinylfuran with 40% aqueous formaldehyde over a catalyst prepared by reducing Pd(acac) 2 (acac = acetylacetonate) with triethylaluminum in the presence of PPh 3 . Compound 5 has also been prepared by low temperature hydroxyethylation of furfuryl alcohol with a large excess of acetaldehyde, using water as the solvent and a highly dealuminated H-mordenite as catalyst [2] . The mass spectrum of the acetate derivative of 5, 5-acetoxymethyl-2-vinylfuran (7), has been reported [1] , but not its preparation, which should be achievable by simple acetylation of the alcohol group. In this work, two routes were explored to prepare 5.
Results and Discussion
Schemes 1 and 2 present two routes to prepare 7 and 5. The first route starts from 2-methylfuran and the second from furfuryl acetate. In the first route the starting material was acetylated with acetic anhydride under Friedel Crafts conditions using ZnCl 2 or H 3 PO 4 as catalysts to obtain 5-methyl-2-acetylfuran (1, 60-70 %) [3] . The next step was bromination of 1 with N-bromosuccinimide (NBS) in CCl 4 using azobisisobutyronitrile (AIBN) as initiator. The use of AIBN favors the bromination of the methyl group [4] attached to the furan ring C5 position. 5-Bromomethyl-2-acetyl furan (2) is rather unstable and its purification was avoided, except to obtain a sample for spectroscopic characterization. The bromo derivative (2) is then reacted with glacial acetic acid to produce 5-acetyl-2-furfuryl acetate (3) [5] , which is hydrolyzed with aqueous potassium hydroxide to give 5-acetyl furfuryl alcohol (4) . The reduction of this compound under Meerwein-Ponndorf-Verley conditions followed by high temperature dehydration finally yields the target compound 5 [6] , [7] . The second route to 5 starting from furfuryl acetate was more efficient and rapid. First 5-formylfurfuryl acetate (6) was synthesized via a Vilsmeier-Haack-reaction using N,N-dimethylformamide and phosphoryl chloride. The use of similar reactions for the synthesis of 5-methyl-2-furfural [8] and 5-benzyloxymethyl-2-furfural [9, 10] were previously described in the literature. The aldehyde group of 5-formylfurfuryl acetate (6) was transformed into a vinyl group by a Wittig reaction with methyltriphenylphosphonium bromide and sodium hydride. 5-Hydroxymethyl-2-vinylfuran (5) was obtained after hydrolysis. The products were characterized by NMR, FTIR and mass spectroscopy data, which agreed with those reported in the literature [1, 2] . The MS peaks at 355.219 (5) and 439.224 (7) indicate that both furfuryl derivates spontaneously undergo trimerisation with elemination of a hydroxy (5) and acetate group (7), respectively, under the experimental conditions of the ESI mass spectral analysis. Other side products derived from impurities were not detectable.
Conclusions
Compound 7 can be conveniently prepared from furfuryl acetate by a two step synthesis. The hydrolysis of 7 gives 5 in high yield. Although compound 5 can be also be prepared starting from 2-methylfuran, the procedure is less efficient. . Mass spectra were recorded using a Hewlett-Packard 5988a mass spectrometer.
Experimental

5-Methyl-2-acetylfuran (1)
A mixture of acetic anhydride (1 mol) and 2-methylfuran (0.5 moles) was cooled to 0 0 C in an Erlenmayer flask and zinc chloride (0.015 moles) was added under stirring. After one hour at 0-5 0 C the reacting mixture stayed at room temperature for three hours and was thoroughly washed with water, neutralized with sodium carbonate solution and dry with sodium sulfate. The solid was removed by filtration and the product was obtained by distillation under reduced pressure (78-82 0 C at 14 mbar). When H 3 PO 4 was employed, the addition of the catalyst (1.5 g, 85 %) to a mixture of 2 methylfuran (0.12 moles) and acetic anhydride (0.18 moles) was accomplished at 0 o C. The reaction mixture was then maintained at 45 o C for 2,5 hours and the procedure described above was followed to obtain the product. 
5-Acetyl-2-furfuyl acetate (3)
A mixture of compound 1 (1 equiv), 1 equiv of NBS and 10 % (wt. relative to NBS) of AIBN in CCl 4 was refluxed for one hour to produce 5-bromomethyl-2-acetylfuran (2). The reaction mixture was cooled to room temperature and succinimide crystals were filtered off. The solution was neutralized with Na 2 CO 3 stirring for one hour, washed five times with water and dry with Na 2 SO 4 . Solvent was partially removed in a rotary evaporator until slightly brown-red oil was obtained. A solution of this crude product (11 g) and anhydrous sodium acetate (5 g) in glacial acetic acid (40 mL) was refluxed for 2 hours. The completion of the reaction was confirmed by TLC (n-hexane-ethyl acetate, 3:1) by the examination of samples each 20 minutes. The NaBr precipitate was removed by filtration and acetic acid was distilled at reduced pressure. The residue was washed several times with water and extracted with chloroform. The extract was dry Na 2 
5-Hydroxymethylvinylfuran (5)
From 5-acetyl furfuryl alcohol (4) . A mixture of 4 (1 mol equiv.), aluminum isopropoxide (1 mol equiv.) and isopropanol (200 mL) in a round flask was heated to 50 0 C under stirring. The temperature was steadily increased to 100 °C and the solvent and the acetone produced were simultaneously distilled off. When the mixture of the reaction became a light brown solid, the pressure was reduced to 3 mbar and the excess isopropanol was eliminated at 100 °C. The product was distilled at 200 0 C and 3 mbar. It was washed 3 times with water and extracted with chloroform. The solution was dried with anhydrous sodium sulfate and the solvent was finally removed. Yield 20 -40 %, colorless liquid.
From 5-acetoxymethyl-2-vinylfuran (7). Compound 7 (11.13 mmol) and NaOH (1 M, 335 ml) were stirred for 10 h at 0 °C. The solution was extracted with diethylether (3 x 100 ml). The organic solution was dried with MgSO 4 and the solvent removed under reduced pressure. The crude yellow oil was purified by vacuum distillation to give the pure title compound (p = 2 x 10 -1 mbar, T = 40 °C). 
